We simultaneously confine fermionic metastable 3 He atoms and bosonic metastable 4 He atoms in a magneto-optical trap. The trapped clouds, containing up to 1:5 10 8 atoms of each isotope, are characterized by measuring ions and metastable helium atoms escaping from the trap. Optical pumping of 3 He atoms to a nontrapped hyperfine state is investigated and it is shown that large atom numbers can be confined without additional repumping lasers. Unique possibilities for quantum degeneracy experiments with mixtures of spin-polarized metastable 3 He and 4 He atoms are indicated. Rb [5], and the formation of molecular condensates in the BEC-BCS crossover regime [6] . With the extra detection strategies, the 3 He = 4 He mixture provides a unique new system for quantum degeneracy experiments.
4 orders of magnitude smaller than in an unpolarized sample in a magneto-optical trap (MOT). As this loss rate is induced by the spin-dipole interaction in pair collisions [9] , the loss rate for a spin-polarized mixture of 3 He and 4 He atoms is expected to be of the same order of magnitude, i.e., 10 ÿ14 cm 3 =s. For spin-polarized 3 He atoms, further suppression of the two-body loss rate is expected due to the vanishing cross section for cold collisions of identical fermions, while hyperfine-changing collisions between 3 He atoms cannot occur because of the inverted hyperfine structure of the 2 3 S 1 level. The low Penning ionization rates allow sympathetic cooling in a magnetic trap of 3 He atoms by collisions with 4 He atoms that are cooled by rf-induced evaporation. Evaporative cooling of fermions in different spin states [10] is not applicable to 3 He atoms because Penning ionization rates will be too high. These high ionization rates and the absence of magnetic field dependent Feshbach resonances hamper the investigation of BCS-like phenomena.
The relevant parameters governing the sympathetic cooling process are the boson-boson scattering length 4ÿ4 a and the boson-fermion scattering length 3ÿ4 a. Both experimental and theoretical values of 4ÿ4 a are available. The most accurate experimental value is 11.3 nm with an error of a few nm [11] . A similar accuracy is achieved in a theoretical prediction: starting from a calculation of the 5 g molecular potential of two spin-polarized atoms, Dickinson et al. [12] investigate the wave function of the v 14 least bound state in this potential and arrive at upper and lower bounds of 12.2 and 8 nm, respectively. Mass scaling of the molecular potential shows that the interspecies scattering length will be exceptionally large. If 4ÿ4 a < 9:4 nm, then 3ÿ4 a is large and positive. Most likely, 4ÿ4 a > 9:4 nm and then 3ÿ4 a is large and negative. For a conservative estimate, 9 < 4ÿ4 a nm < 13, we find that 3ÿ4 a < ÿ25 nm or 3ÿ4 a > 133 nm. In either case, evaporative cooling of 3 He atoms via collisions with 4 He atoms should be very efficient. In the quantum degenerate regime the large value of 3ÿ4 a corresponds to a large mean-field interaction. This allows a study of quantum phenomena such as component phase separation [13] (if 3ÿ4 a > 0) or stability properties of the mixture [5] (if 3ÿ4 a < 0) at atomic densities as low as n 10 13 cm ÿ3 . The monitoring of ion production rates provides a unique detection tool for these phenomena, especially in the case of phase separation, where different phases and mixtures are expected as a function of the density of the bosons and/or fermions, which may be varied experimentally.
In this Letter, we present the first step towards the study of these mixtures by discussing the realization and characterization of a MOT containing both He isotopes. Previously, several groups studied samples of two atomic species in a MOT, either two isotopes of a single element [14] or two different elements [15] . In our MOT up to 1:5 10 8 metastable atoms of each isotope are simultaneously confined at a temperature of 2 mK and a total atomic density of 10 9 cm ÿ3 . These numbers are comparable to single-isotope He traps and present good prospects for evaporative cooling experiments.
In the experiment, a MOT is loaded from a collimated and Zeeman slowed He beam, produced by a liquid nitrogen cooled, dc discharge source. The apparatus is similar to the 4 He apparatus described previously [16] , modified to manipulate both helium isotopes, either separately or simultaneously. The beam source is operated with an isotopically enriched mixture of the two helium isotopes containing approximately equal concentrations of each and is recycled and purified using liquid nitrogen cooled molecular sieves. The two-isotope beam is collimated by transversal laser cooling in two dimensions before entering the Zeeman slower.
Because of its smaller mass, 3 He atoms emerge from the source with a larger mean velocity than 4 He atoms. To achieve a large flux of slow 3 He atoms, the capture velocity of the Zeeman slower is increased to 1370 m=s. The MOT is operated in a stainless steel vacuum chamber, where two anti-Helmholtz coils produce a magnetic quadrupole field with an axial magnetic gradient dB=dz 0:35 T=m.
Both helium isotopes are slowed and confined in the MOT with 1083 nm light that is near resonant with the 2 3 S 1 ! 2 3 P 2 optical transition (natural linewidth ÿ=2 1:62 MHz; saturation intensity I sat 0:166 mW=cm 2 for the cycling transition). The isotope shift for this transition is 34 GHz and, therefore, two separate ytterbium-doped fiber lasers are used, one for each isotope. The lasers are frequency locked to the laser cooling lines using saturated absorption spectroscopy in rf-discharge cells. The two laser beams are overlapped on a nonpolarizing beam splitter, producing two beams of about equal power containing both frequencies. One beam is used for the transversal laser cooling of the He atomic beam, the other is coupled into a single mode polarization maintaining fiber to achieve perfect beam overlap, and is used for the Zeeman slower and the MOT. Acousto-optic modulators are used to generate the slowing frequencies ZS3 and ZS4 , and the trapping frequencies MOT3 and MOT4 . Figure 1 gives an overview of the optical transitions at 1083 nm for each isotope, together with the four laser cooling frequencies. The trapping beam is split up into six independent Gaussian beams with 1=e 2 intensity widths of 1.8 cm. The total peak intensity is I peak 57 mW=cm 2 (I peak =I sat 335) for each frequency. The slowing beam is focused onto the atomic beam source. At the position of the trapped cloud the 1=e 2 intensity width is 2.2 cm and the two frequency components have peak intensities of I peak 9 mW=cm 2 (I peak =I sat 54).
The trapped clouds are studied using two microchannel plate (MCP) detectors. Operated at a voltage of ÿ1:5 kV and positioned at a distance of 11 cm from the trap center, the MCP detectors allow for independent monitoring of the ions and He atoms that escape the trap. With an exposed negative high voltage on its front plate, one MCP detector attracts all ions produced in Penningionizing collisions. The other MCP is mounted behind a grounded grid and detects only He atoms that exit the trap in its direction.
The decaying ion flux, measured on the unshielded MCP detector after interrupting the loading of one or two isotopes, is used to study trap loss. The signal is used to determine the loss rate coefficients and defined via dn=dt ÿn ÿ n 2 [17] . In this way, the ion production rate acts as a real-time probe to monitor Penning-ionizing collisions in the trapped cloud [17] [18] [19] . 
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The shielded MCP detector is used to perform time-offlight measurements. For this purpose, the trapping and slowing light for one or two isotopes and the magnetic field are switched off abruptly. During the free ballistic expansion, a small fraction of the released atom cloud hits the MCP detector and the resulting signal is used to determine the temperature of the trapped cloud and the number of trapped atoms. An absolute calibration is performed using absorption imaging of the trapped cloud with a narrow-band diode laser and an IR-sensitive charge-coupled device (CCD) camera. Absorption imaging allows the determination of the density distribution and atom number of the sample.
First, we studied single-isotope MOTs of both isotopes separately. In these traps, typically N 3 10 8 3 He or 4 He atoms are confined at a central density n 0 3 10 9 cm ÿ3 and a temperature T 2 mK. The uncertainty in the atom number determination is 30%. The density is limited to a few 10 9 cm ÿ3 by light-assisted Penningionizing collisions. Previous studies of 4 He MOTs [16, 20] report similar numbers.
The results of the 3 He MOT are similar to those of the 4 He
MOT yielding a number of trapped 3 He atoms that is 3 orders of magnitude larger than reported previously [18] . At first sight this may be surprising, as the level structure of 3 He is complicated by hyperfine splittings, as seen in Fig. 1 . However, operated on transition C 3 , the 3 He
MOT confines large atom numbers without the application of repumping light to excite the F 1=2 ground state.
Despite the inverted hyperfine structure of the excited state and the relatively large splitting of 1125ÿ between the F 0 3=2 and F 0 5=2 levels, the high intensity of the trapping beams leads to significant off-resonant excitation of transition C 5 and decay into the F 1=2 ground state. A repumping beam, however, is not required, since the trapping and slowing frequencies MOT3 and ZS3 excite transitions C 2 and C 4 at a sufficiently high rate to repopulate the F 3=2 ground state. The frequency detuning of ZS3 from transition C 2 is relatively small, ÿ32ÿ, making this combination the dominant repumping route. In absence of ZS3 , sufficient repumping is provided by the excitation of transitions C 2 and C 4 by frequency component MOT3 . The detunings from the transitions are larger at 251ÿ and ÿ161ÿ, respectively. Figure 2 (a) (solid curve) shows the 3 He signal and ion signal from a pure 3 He MOT, when the slowing light is switched off abruptly. Measurements with the shielded MCP detector show zero loss of metastables from the trap irrespective of the presence of ZS3 . The decay is dominated by Penning-ionizing pair collisions in the cloud, characterized by 33 n 0;3 5:2 s ÿ1 and 0:7 s ÿ1 . With n 0;3 from absorption imaging, 33 8 10 ÿ9 cm 3 =s is deduced. At equal detuning and intensity of the trapping laser, we find for a pure 4 He MOT that 44 4 10 ÿ9 cm 3 =s. The isotopic difference between 33 and 44 is a result of the different number of ionization channels for light-assisted collisions of pairs of 3 He or 4 He atoms [18] . In the two-isotope MOT, four frequencies are present and a second optical pumping loss channel for 3 He atoms to the nontrapped F 1=2 state is opened up. Because of their relatively small frequency difference of ÿ524ÿ, the 4 He trapping light frequently excites transition C 9 . Now, the repumping provided by MOT3 via off-resonant excitation of C 2 and C 4 is insufficient. This can be seen in Fig. 2(a) (dotted curve) , where the effect is shown of frequency component MOT4 on the decay dynamics of the 3 He MOT. At t 0, when the slowing light is blocked, MOT4 is added to the trapping light and a flux of 3 He atoms escaping the trap is observed. The decaying ion signal indicates that the 3 He atoms are transferred to the F 1=2 state at a rate 7:8 s ÿ1 . However, this extra loss channel does not limit the realization of a twoisotope MOT with a large number of 3 He atoms. As shown in Fig. 2(b) After optimization of the slowing efficiency, the numbers of trapped atoms in the two-isotope MOT are comparable to the corresponding numbers in single-isotope traps; trapped atom numbers N i 1:5 10 8 for each isotope (i 3; 4) are obtained. These large atom numbers are obtained by applying only the four frequencies MOT3 , ZS3 , MOT4 , and ZS4 [21] . Fluorescence measurements with the CCD camera show that the clouds of both isotopes are nearly equal in size and are spatially overlapped. Figure 3 shows the flux of He atoms on the shielded MCP after subsequent release of the two isotopes. First 3 He atoms are released by switching off the MOT3 and ZS3 components of the trapping and slowing light. The quadrupole magnetic field perturbs the free ballistic expansion of these atoms, giving rise to a shoulder on the first peak in the signal. The 4 He atoms are released with a delay of 100 ms by simultaneously switching off the remaining frequency components MOT4 and ZS4 together with the magnetic field. In steady state, the loading rate of the MOT, R 3;4 3 10 8 s ÿ1 , is balanced by the trap loss:
with i 3; 4. For each isotope, the atom number confined in the two-isotope trap is comparable to the atom number confined in the single-isotope trap. This shows that loss due to interspecies collisions, characterized by 34 , is small compared to the loss processes characterized by 3 and 33 , or 4 and 44 . Different collision mechanisms for homonuclear and heteronuclear collisions in the presence of resonant light are responsible for the differing loss coefficients. During homonuclear collisions, resonant light can excite the atom pair to a resonant dipole-dipole potential VR R ÿ3 . As heteronuclear collisions are governed by a van der Waals potential VR R ÿ6 , resonant excitation occurs at much smaller internuclear distances, yielding loss rates that are smaller by about 1 order of magnitude [22] .
In conclusion, we have demonstrated that it is possible to trap up to 1:5 10 8 3 He atoms together with an equal number of 4 He atoms in a two-isotope magneto-optical trap. For 4 He , this result is comparable to results achieved with single-isotope MOTs and for 3 He it is an improvement by 3 orders of magnitude when compared with previous results. This opens up the road to sympathetic cooling of 3 He and realization of quantum degeneracy in a dilute gas of 3 He atoms or a mixture of 3 He and 4 He atoms. atoms (at t ÿ100 ms) and 4 He atoms (at t 0 ms) from the two-isotope MOT. Two peaks corresponding to the two isotopes are observed. Only the second peak can be used to determine an accurate temperature and atom number.
